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Abstract: Background: A genome-wide scan has suggested a strongly significant association between chromosome
2q37 gene loci and susceptibility to systemic lupus erythematosus (SLE) and just right the programmed cell death
1 (PDCD1) gene is located on chromosome 237, but there is no precise conclusion existing. Aim: To derive a more
precise evaluation the association of PDCD1 gene single nuclear polymorphisms (SNPs) with susceptibility to SLE
and lupus nephritis (LN) through meta-analysis. Methods: EMBASE and PubMed were exhaustively searched for
studies up to September 2015. Begg’s funnel plot and Egger’s test were performed to assess the publication bias
of the literature, and sensitivity analyses were performed to identify heterogeneity. A fixed- or a random-effects
model was applied to calculate the pooled odds ratio (OR). Results: The results of the pooled analysis suggested
that PD1.3 SNPs were significantly associated with the risk of SLE. When the studies were stratified by ethnicity,
a significant association between PD1.3A/G and SLE was observed in Latin [OR=2.961, 95% CI=1.776-4.936,
P<0.001], but not in Caucasian, African and Asian populations. The PD1.3A allele was a risk factor for LN both in
overall and Caucasian descendants [overall: OR=1.776, 95% Cl=1.290-2.444, P<0.001; Caucasian: OR=1.873,
95% Cl=1.341-2.616, P<0.001]. Whereas, no significant associations were found between PD1.1, PD1.5 or PD1.6
SNPs and SLE. Conclusions: PD1.3A allele is associated with susceptibility to SLE and LN. However, more well-
designed studies with large sample size are needed to validate this association.

Keywords: Systemic lupus erythematosus (SLE), lupus nephritis (LN), meta-analysis, programmed cell death 1
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Introduction genes in the etiology of SLE [2]. A genome-

wide scan has revealed a significant linkage of

Systemic Lupus Erythematosus (SLE) is a ty-
pe of immune-mediated destruction which is
characterized by the breakdown of self-toler-
ance and the deposition of circulating immune
complexes [1]. Lupus nephritis (LN) is one of
the most common complications of SLE. It is
well established that genetic, hormonal and
environmental factors are implicated in SLE,
specifically, imbalances of these interactions
determine the onset of SLE. Nevertheless, the
pathogenesis of SLE remains incompletely
understood.

Family studies, twin studies and segregation
analyses have been applied into providing an
evidence for the strong role of susceptibility

chromosome 237 with susceptibility to SLE.
The programmed cell death 1 (PDCD1 or PD-1)
gene loci is located on chromosome 237, its
important functions had been shown through
PDCD1 knocking out mice [3-5]. It is an immune
inhibitor receptor, with an important function
in modulating the activation of lymphocytes
through interacting with its widely expressed
ligands [6, 7].

Many studies have examined the potential con-
tribution of PDCD1 genes ingle nucleotide poly-
morphisms (SNPs) to SLE susceptibility, howev-
er, the results remain controversial and incon-
clusive [8-10]. Wang et al pointed out that
PDCD1 SNPs have a contact with susceptibi-
lity to SLE in Europeans and Mexicans and
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for Systematic reviews and
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ch all English-language litera-
tures in Pubmed and EMBASE
(up to September 2015). Lite-
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Figure 1. Flow chart of articles selection.

also associates with renal manifestations in
SLE patients from northern Sweden [4, 11]. The
association of PD-1.3A/G SNPs (located in in-
tron 4, position 7146, also known as rsl11-
568821) with susceptibility to SLE has been
replicated in cohorts of SLE patients from dif-
ferent ethnicities [12-14]. Prokunina et al sug-
gested that PD1.3A was a risk factor in the
development of SLE while another study from
Spain hold an opposite opinion that PD1.3A
allele might be a protective factor in SLE sus-
ceptibility [15]. A modest association of the
A allele with the risk of SLE in European
Americans was observed while no association
with SLE susceptibility in Spain population [14,
15]. Although a meta-analysis about asso-
ciations of PDCD1 SNPs with SLE and LN has
been published, the number of included
studies were relatively small. Furthermore,
PD1.3A/G polymorphism does not explain all
of the PDCD1 SNPs associations with SLE.
Therefore, in this study, we explored the asso-
ciations of all available PDCD1 SNPs including
PD1.3, PD1.5, PD1.1 and PD1.6 SNPs with SLE
and LN through a meta-analysis.

Methods

Search strategy for the association of PDCD1
gene polymorphism with SLE and LN risk

In order to identify all available studies, a
detailed search pertaining to associations of
PDCD1 SNPs with susceptibility to SLE was per-
formed according to Preferred Reporting Items
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on race, ethnicityor geograph-
ic area. Additionally, all the
references in the retrieved lit-
eratures were manually re-
viewed to identify other poten-
tial relevant articles.

Inclusion and exclusion criteria

Studies fulfilling the following inclusion criteria
were included in this meta-analysis: (1) unre-
lated case-control study on association bet-
ween PDCD1 SNPs and SLE or LN; (2) the re-
cruited patients fulfilled the American College
of Rheumatology 1997 Revised Criteria or the
American College of Rheumatology (ACR) Cri-
teria for SLE [16, 17]; (3) with sufficient pub-
lished data for us to calculate odds ratio (OR)
with 95% confidence interval (95% Cl); (4) the
genotype distribution of the control population
was in Hardy-Weinberg equilibrium (HWE); (5)
cases and controls should be well matched on
ethnicity and geography. When a study exam-
ined different populations, we treated each po-
pulation as a separate study. On the other
hand, a study must be excluded if it fulfills
the following criteria: (1) it is not about human
or it is based on family association study; (2) it
is not available for us to calculate OR contain-
ing over lapping or insufficient data; (3) it is a
review, letter, case-report, meeting or meta-
analysis; (4) it did not evaluate the association
of PDCD1 SNPs with susceptibility to SLE. The
process of selecting relevant articles is shown
in Figure 1.

Data extraction and synthesis

The following information containing first au-
thor name, publishing years, sample sizes as
well as the number of genotype and allele
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Table 1. Basic characteristics of individual studies included in this meta-analysis

Studies Population NOS SLE Control Matched criteria  Studied polymorphisms Association findings
Chua (2015) [23] Malay 7 70 70  Ethnicity, age PD1.1, 3,5,6 PD1.5, P<0.01
Indian 15 15  Ethnicity, age PD1.1, 3,5,6 PD1.5, P<0.01
Ferreiros-Vidal (2007) [25] Germany 7 100 100 Ethnicity PD1.3 NS
Czech 101 100 Ethnicity PD1.3 NS
Hungary 94 98  Ethnicity PD1.3 NS
Milan 127 196 Ethnicity PD1.3 NS
Rome 76 99  Ethnicity PD1.3 NS
Naples 81 216 Ethnicity PD1.3 NS
Greece 197 377  Ethnicity PD1.3 NS
Ferreiros-Vidal (2004) [39] Spain 7 518 800 Ethnicity PD1.1,2,3,4,5,6,9 PD1.3, P<0.01
Johansson (2005) [40] Sweden 7 260 670 Ethnicity, age, sex PD1.3 NS in SLE vs controls
Sweden 86 174 Ethnicity, age, sex PD1.3 P=0.005 in LN vs non-LN
Nielsen (2004) [18] Denmark 7 95 155  Ethnicity PD1.3, 4,5, 6 PD1.4, P=0.016
PD+6867, +7209 PD+6867C, P=0.021 in LN vs Non-LN
Prokunina (2002) [13] Swedish 7 263 235  Ethnicity PD1.3,5,6 PD1.3, P=0.005; PD1.5, P=0.008
Mexican 402 149  Ethnicity PD1.3,5,6 PD1.3, P=0.0009
Prokunina (2004) [9] Sweden 7 154 356 Ethnicity PD1.3 PD1.3, P=0.002
us 82 366 Ethnicity PD1.3 NS
Sanchez (2011) [30] African-American 7 1478 1725 Ethnicity PD1.3 NS
Sanghera (2004) [14] European American 7 276 359  Ethnicity PD1.3 NS
African-American 35 31  Ethnicity PD1.3 NS
Velazquez-Cruz (2007) [31] Mexico 8 250 355 Ethnicity, sex PD1.3,5, 6 PD1.3A, P<0.01; NS in LN vs non-LN
Wang (2006) [32] Taiwan 8 109 100 Ethnicity, age, sex PD1.1,2,3,4,5,6,9 PD+7209C, P=0.002

PD+5708, +7209

Mostowska (2008) [37] Polish Caucasian 7 102 140 Ethnicity, age, sex PD1.2, 3, 6, +5708, +7209 PD+7209, P=0.0017

Canto (2010) [22] Brazil 6 95 128  Ethnicity PD1.3 NS

Bertsias (2009) [24] Greece 8 289 256  Ethnicity, age, sex PD1.3 P=0.006

Hughes (2012) [26] European descent 6 3936 3491 Ethnicity PD1.3 NS

Lin (2004) [29] Chinese 7 98 100 Ethnicity, sex PD1.5 NS

Wang (2008) [41] Chinese 7 122 143 Ethnicity, sex PD+7872, +8162 PD+7872, P=0.025, PD+8162, P=0.023

Abbreviations: NS: not significant; LN: lupus nephritis; non-LN: cases without lupus nephritis.
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both on controls and cases, ethnicity, HWE
and matched criteria were extracted from indi-
vidual eligible articles according to the meta-
analysis of observational studies in epidemiol-
ogy (MOOSE) guidelines for reporting an analy-
sis of observational studies [18]. If the number
of alleles or genotypes was not available for us,
we obtained the numbers by the number of
total experimental and control groups via a
genetic calculating method (number of geno-
types = frequency multiplied by total sample
size; number of allele = frequency multiplied by
two times of total sample size). Data from each
selected study were independently extracted
by two authors and consensus for all data was
finally reached via discussion. The characteris-
tics of eachstudy from which data were extract-
ed are shown in Tables 1-3.

Assessment of methodological quality

The quality of individual studies was assessed
according to the Newcastle-Ottawa Scale (NOS)
(Available at: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.htm). A star sys-
tem of the NOS has been developed to evalu-
ate the quality of case-control and cohort stu-
dies (ranging from O to 9 stars). The mean value
for the included studies was approximately
seven stars and the quality of individual studies
was shown in Table 1.

Statistical analysis

Allele frequencies of the PDCD1 polymorphisms
from individual studies were determined by the
allele counting method. The association bet-
ween the PDCD1 SNP and SLE was compar-
ed using the OR corresponding to 95% CI. The
distribution of genotypes in control groups from
corresponding studies conformed to the HWE
except for one study as detected by the chi-
squared test (significance set to P<0.05) [19].
P<0.05 was considered statistically significant
through the Z test to calculate the summary
ORs. A chi-squared-based Q-statistic test was
used to detect the heterogeneity, whose cal-
culating method is 100% x (Q-df)/Q, ranging
from O to 100% and representing the propor-
tion of between-study variability, additionally,
low, moderate and high levels were used
to define I? values as 25, 50 and 75% respec-
tively [20]. Arandom effect model (DerSimonian
and Laird method) was used when there ex-
isted heterogeneity at the level of P<0.05
or ’>50%, otherwise, a fixed model (Mantel-
Haenszel method) was applied. All statistical
analysis for this meta-analysis wasperformed

20574

through STATA version 12.0 (Stata Corporation,
College Station, TX, USA).

Evaluating publication bias

The potential publication bias was estimated
using the funnel plot, in which the standard
error of log (OR) of each study was plotted
against the respective log (OR) whose results
were shown in the funnel plot carried out by
Begg's test. A potential publication bias was
suggested by an asymmetric funnel plot or
determined by the t-test suggested by Egger's
linear regression at the level of less than 0.05.
We used the trim and fill method to identify and
adjust the summary estimate for the observed
publication bias when asymmetry was indicat-
ed. This method removes small studies until
achieving symmetry of the funnel plot and esti-
mates the number of missing studies to calcu-
late an adjusted odd ratios (ORs) and 95% CI
for the corresponding studies. A revised sum-
mary estimating is then calculated using all of
the original studies, together with the hypothet-
ical “filled’ studies, subsequently the effect val-
ues before and after the trim and fill method
were then compared to assess the stability of
our analysis [21].

Results
Articles included in this meta-analysis

25 eligible case-control studies concerning the
association of PDCD1 SNPs with susceptibility
to SLE were identified through searching on
Pubmed and EMBASE [8-10, 12-15, 18, 19,
22-37]. Onebeing family-based [12], three con-
taining insufficient data [8, 27, 28], three not
evaluating association of PD-1 SNPs with SLE
[33, 34, 36], one not in HWE [19] were exclud-
ed. If a study is reported on different popula-
tions, we treated them as a separate study.
Finally 17 articles were included in our analysis
among which three studies only provided minor
allele frequency (MAF) or genotype frequency,
the number were not available, which we got
the number of allele and genotype according to
the number of total cases and controls by
genetic calculating method [22, 24, 26]. A sub-
group analysis was utilized only if it was studied
based on more than two comparisons.

Evaluation of study quality and sensitivity
analysis

In the recruited studies, the genotype distribu-
tion of the PDCD1 polymorphismsin control
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Table 2. Data extraction of individual studies included in this meta-analysis

Genotype Allele
Studies Country Ethnicity Case Control Case Control  HWE

AA AG GG AA AG GG A G A G
PD1.1 Mahmoudi (2015) Iranian Asian 0 6 44 0 6 196 6 94 6 398 NS
Chua (2015) Malay Asian 8 27 35 7 33 30 43 97 47 93 NS
Wang (2006) Taiwan Asian 43 45 21 35 40 25 131 87 110 90 NS
Chua (2015) China Asian 28 53 34 28 53 34 109 1212 109 121 NS
PD1.3 Sanghera (2004) European American Caucasian 3 65 208 69 286 71 481 7 641 NS
Mostowska (2008) Caucasian Caucasian 3 17 82 5 28 107 23 181 38 242 NS
Ferreiros-Vidal (2007) Germany Caucasian 30 170 22 178 NS
Ferreiros-Vidal (2007) Czech R Caucasian 19 183 11 189 NS
Ferreiros-Vidal (2007) Hungary Caucasian 29 159 22 174 NS
Ferreiros-Vidal (2007) Milan Caucasian 31 223 42 350 NS
Ferreiros-Vidal (2007) Rome Caucasian 15 137 29 169 NS
Ferreiros-Vidal (2007) Naples Caucasian 21 141 49 383 NS
Ferreiros-Vidal (2007) Greece Caucasian 50 344 80 674 NS
Ferreiros-Vidal (2004) Spain Caucasian 97 939 206 1394 NS
Johansson (2005) Sweden Caucasian 2 34 224 72 597 38 482 74 1266 NS
Nielsen (2004) Denmark Caucasian 2 18 75 21 134 22 168 21 289 NS
Prokunina (2002) Swedish Caucasian 56 470 36 434 NS
Chua (2015) Indian Caucasian O 1 14 0 1 14 1 29 29 NS
Prokunina (2002) Mexican Latin 58 746 7 291 NS
Velazquez-Cruz (2007) Mexico Latin 0 26 224 14 341 26 474 14 694 NS
Sanghera (2004) African-American African 0 7 28 0 3 28 7 63 3 59 NS
Sanchez (2011) African-American African 78 2878 69 3381 NS
Wang (2006) Taiwan Asian 1 103 1 7 92 7 211 191 NS
Chua K (2010) Malay Asian 69 0 1 69 1 139 139 NS
Canto (2010) Brazil Caucasian 18 172 20 236 NS
Bertsias (2009) Greece Caucasian 2 87 200 2 47 207 91 487 51 461 NS
Hughes (2012) European Caucasian 882 6990 824 6158 NS
PD1.6 Chua (2015) China Asian 52 49 14 a7 55 13 155 77 149 81 NS
Chua (2015) Malay Asian 18 33 19 14 35 21 69 71 63 77 NS
Chua (2015) Indian Caucasian 2 2 11 0 4 11 6 24 4 26 NS
Nielsen C (2004) Denmark Caucasian 17 77 10 47 19 171 10 104 NS
Prokunina (2002) Swedish Caucasian 44 482 41 425 NS
Mostowska M (2008) Polish Caucasian 4 22 76 5 29 106 30 174 39 241 NS
Prokunina (2002) Mexican Latin 338 374 62 52 NS
Velazquez-Cruz (2007) Mexico Latin 70 125 55 118 165 72 265 235 401 309 NS

PD1.5 cc CT T ¢cc Ccr 1T C T C T
Chua (2015) China Asian 56 49 10 46 60 9 161 69 152 78 NS
Wang (2006) Taiwan Asian 62 42 5 47 47 6 166 52 141 59 NS
Lin (2004) China Asian 54 37 7 55 40 5 145 51 150 50 NS
Chua (2015) Malay Asian 25 42 3 4 21 5 82 48 109 31 NS
Nielsen (2004) Denmark Caucasian 32 54 9 21 27 9 118 118 69 45 NS
Prokunina (2002) Swedish Caucasian 316 210 154 118 NS
Prokunina (2002) Mexican Latin 439 365 74 46 NS
Velazquez-Cruz (2007) Mexico Latin 102 119 29 150 155 50 323 177 455 255 NS

Abbreviations: NS: not significant; HWE: Hardy-Weinberg equilibrium.

groups was well consistent with the HWE,
except for one study from Mahmoudi et al which
may play a great role in contributing to potential
publication bias. However, there was evidence
of publication bias in the meta-analyses for the
PD1.3A as well as PD1.6 polymorphism in over-
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all and in Caucasian groups (Egger’s regression
test at the level of P<0.05) as shown in Table 4.
Therefore, the trim and fill method was used to
adjust the publication bias and to calculate the
estimated OR and 95% Cl as shown in Figures
2-5,
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Table 3. Characteristics of studies based on lupus nephritis

SLE and LN is shown in Table 5.

An association was observed bet-

Case A”ele::ontrol ween PD1.3A/G and SLE risk in

Studies Country  Ethnicity with LN without LN the overall population (OR=1.243,
A G A G 95% CI=1.064-1.452, P=0.00§),

- however, after applying the trim

Johansson (2005) Sweden Caucasian 21 151 17 331 and fill method, the adjusted OR
Prokunina (2004) Sweden Caucasian 27 281 27 685 and 95% Cl was not significant
Prokunina (2004) us Caucasian 9 155 39 693 (OR=1.142, 95% CI=0.978-1.335,
Nielsen (2004) Denmark Caucasian 8 54 14 114 P=0.093). When stratified by eth-
Velazquez-Cruz (2007)  Mexico Latin 11 181 6 112 nicity, the results suggested an

Abbreviations: LN: lupus nephritis.

Table 4. Statistics of publication bias in Eg-
ger's test

. Egger's
Comparison %gst
PD1.3 Overall Avs G 0.012

AA+AG vs GG 0.784

AA vs GG+AG 0.664

Caucasian AvsG 0.041

AA+AG vs GG 0.731

AA vs GG+AA 0.185

PD1.5 Overall CvsT 0.418
CC+CTvs TT 0.676

CCvs CT+TT 0.606

Asian CvsT 0.116

CC+CTvs TT 0.264

CCvs CT+TT 0.062

Caucasian CvsT 0.656

PD1.6 Overall Avs G 0.078
AA+AG vs GG 0.006

AA vs GG+AG 0.162

Caucasian AvsG 0.098

AA+AG vs GG 0.043

AA vs GG+AA 0.055

PD1.1 Overall Avs G 0.229
AA+AG vs GG 0.078

AA vs GG+AG 0.486

Asian Avs G 0.611

AA+AG vs GG 0.951

AA vs GG+AA 0.486

LN Overall Avs G 0.136
Caucasian AvsG 0.264

Abbreviation: LN: lupus nepbhritis.

Evaluation of the PD1.3A/G polymorphisms
with susceptibility to SLE and LN

The summary for the association of PDCD-
1.3A/G polymorphisms with susceptibility to
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association of PD1.3A allele with

susceptibility to SLE in Latin popu-

lation (OR=2.961, 95% CI=1.776-
4,936, P<0.001), in addition, an association
between PD1.3AA+AG genotype and SLE was
found in Caucasian population (OR=1.389,
95% CI=1.133-1.703, P=0.002). However th-
ere was no significant association for the
PD1.3A allele with SLE in Asian and African
populations. Additionally, the results of this
meta-analysis also revealed that PD1.3A/G
polymorphism was significantly associated
with LN risk both in overall and Caucasian
population (Overall: OR=1.776, 95% CI=1.290-
2.444, P<0.001; Caucasian: OR=1.873, 95%
Cl=1.341-2.616, P<0.001) (as Table 5 shown).

Evaluation of the PD1.1, PD1.5 and PD1.6
polymorphisms with susceptibility to SLE

No significant association was found between
PD1.5C/T polymorphism and SLE in overall,
Caucasian and Asian population (overall: OR=
1.010, 95% CI=0.888-1.149, P=0.878; Asian:
OR=0.979, 95% CI=0.685-1.400, P=0.909;
Caucasian: OR=1.010, 95% CI=0.862-1.183,
P=0.906). The pooled OR for PD1.6A/G poly-
morphism was 0.945 in overall population,
however, after stratification by ethnicity, sensi-
tivity did not increase, the same results were
detected in PD1.1 polymorphism either through
fixed model or the trim and fill method (Table
5).

Discussion

It is widely identified that PDCD1 is a member
of CD28/B7 family, with an important function
in inhibiting the activation of lymphocytes
through interacting with its widely expressed
ligands [6, 7]. The negative costimulatory func-
tions of PDCD1 were suggested by the studies
on PD-1 deficient mice which exhibited hyper-
activation of the immune system and subse-
quently developed different kinds of autoim-
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Figure 2. Funnel plot with 95% CI of studies on PD1.3A/G polymorphism and SLE by the trim and fill method in
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Figure 3. Funnel plot with 95% CI of studies on PD1.3A/G polymorphism and SLE by the trim and fill method in

Caucasian populations.

mune diseases on the genetic background [4].
Compared with healthy controls, the PDCD1
expression levels of SLE patients were signifi-
cantly increased and the upregulated PDCD1
expression levels were positively associated
with SLEDAI scores [27]. Additionally, PDCD1
SNPs were involved in the development of SLE,
Graves’ disease and rheumatoid arthritis (RA)
[4]. Until now, the link between PDCD1 SNPs
and SLE and the results remain controversial
and inconclusive.
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Prokunina L, et al suggested that PD1.3A/G
was associated with the development of SLE
[13]. However, another study hold an opposite
opinion that PD1.3A allele played a protective
role in SLE susceptibility [15]. In our meta-anal-
ysis, an association between SLE and the
PD1.3A/G polymorphism was found in the over-
all populations, but there existed significant
inter-study heterogeneity. The association re-
mained non-significant after using the trim
and fill method to adjust publication bias. The

Int J Clin Exp Med 2016;9(11):20571-20582
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Figure 4. Funnel plot with 95% ClI of studies on PD1.6 AA+AG/GG polymorphism and SLE by the trim and fill method
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Figure 5. Funnel plot with 95% CI of studies on PD1.6 AA+AG/GG polymorphism and SLE by the trim and fill method

in Caucasian populations.

association between the PD1.3A/G polymor-
phisms and SLE patients was not discovered in
Caucasian, Asian, African populations, but the
PD1.3A/G poly morphism was significantly
associated with susceptibility to SLE in Latin
Americans. Furthermore, the PD1.3A allele was
a risk factor for LN in both in overall and
Caucasian populations. For the PD1.5C/T poly-
morphism with SLE, no association was found
in overall, Caucasian and Asian population. The
pooled OR for PD1.6A/G polymorphism was
0.945 in overall populations, however after
stratification by ethnicity, sensitivity did not
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increase, the same results were detected in
PD1.1A/G polymorphism either through fixed
model or the trim and fill method. In conclusion,
it is not clear if the PD1.3A/G poly morphisms
confer an association with susceptibility to SLE,
but it seems that the PD1.3A allele is a risk
factor for SLE in Latin population and LN in
overall and Caucasian populations, which sug-
gested that PDCD1 plays an important role in
the pathogenesis of SLE and LN. One possibili-
tyis that PDCD1 might play an essential role in
maintaining and controlling central and periph-
eral tolerance through limiting the activation of

Int J Clin Exp Med 2016;9(11):20571-20582
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Table 5. Meta-analysis of associations between PDCD1 SNPs and SLE or lupus nephritis

Population Comparison

Sample size

Number

Test of association

Model

Test of heterogeneity

Patients Controls of study  OR 95% Cl P Qvalue P P
PD1.3 Overall Avs G 17938 19730 23 1.243 1.064-1.452 0.006 R 55.13 0.000 60.1%
Avs G” 31 1.142 0.978-1.335 0.093 R
AA+AG vs GG 1501 2151 10 1.453 1.203-1.755 <0.001 F 12.33 0.195 27.0%
AA vs AG+GG 1501 2151 10 1.335 0.628-2.835 0.453 F 3.45 0.631 0.0%
Asian Avs G 358 340 2 0.733 0.285-1.888 0.520 F 0.05 0.816  0.0%
Caucasian Avs G 13250 14870 17 1.156 0.992-1.348 0.064 R 35.39 0.004 54.8%
Avs G* 19 1.116 0.964-1.293 0.142 R
AA+AG vs GG 1037 1595 6 1.389 1.133-1.703 0.002 F 5.96 0.310 16.2%
AA vs AG+GG 1037 1595 6 1.375 0.629-3.009 0.425 F 3.39 0.494 0.0%
African Avs G 3026 3512 2 1.366 0.993-1.878 0.055 F 0.46 0.497 0.0%
Latin Avs G 1304 1008 2 2961 1.776-4.936 <0.001 F 0.11 0.744  0.0%
PD1.5 Overall CvsT 2804 1988 8 1.010 0.888-1.149 0.878 F 10.66 0.154 34.3%
CC+CTvs TT 737 797 6 1.209 0.854-1.712 0.285 F 2.16 0.827  0.0%
CCvs CT+TT 737 797 6 0.945 0.656-1.361 0.761 R 14.08 0.015 64.5%
Asian CvsT 784 770 4 0.979 0.685-1.400 0.909 R 7.58 0.055 60.4%
CC+CTvs TT 392 385 4 1.015 0.572-1.801 0.959 F 1.18 0.758 0.0%
CCvs CT+TT 392 385 4 0.942 0.508-1.744 0.848 R 13.82 0.003 78.3%
Caucasian CvsT 2020 1216 4 1.010 0.862-1.183 0.906 F 3.08 0.380 2.5%
PD1.6 Overall Avs G 2532 2084 8 0.945 0.818-1.093 0.447 F 411 0.767  0.0%
AA+AG vs GG 647 752 6 0.985 0.757-1.282 0.913 F 0.52 0.991 0.0%
AA+AG vs GG” 9 0.946 0.748-1.198 0.647 F
AA vs AG+GG 647 752 6 0.969 0.744-1.263 0.816 F 4.25 0.514 0.0%
Asian Avs G 370 370 2 1122 0.833-1.511 0.448 F 0.09 0.759  0.0%
Caucasian Avs G 2162 1714 6 0.896 0.759-1.058 0.196 F 2.34 0.800 0.0%
AA+AG vs GG 462 567 4 0.969 0.717-1.310 0.840 F 0.31 0.958 0.0%
AA+AG vs GG™ 6 0.926 0.700-1.225 0.589 F
AA vs AG+GG 462 567 4 0.835 0.597-1.167 0.291 F 1.99 0.574  0.0%
PD1.1 Overall Avs G 688 974 4 1.100 0.874-1.386 0.415 F 6.61 0.085 64.6%
AA+AG vs GG 344 487 4 1134 0.805-1.599 0471 F 7.24 0.065 58.6%
AA vs AG+GG 344 487 4 1.114 0.759-1.635 0.581 F 0.21 0.899 0.0%
Asian Avs G 588 570 3 1.049 0.829-1.327 0.691 F 1.21 0.546 0.0%
AA+AG vs GG 294 285 3 1.017 0.710-1.456 0.928 F 1.70 0.427  0.0%
AA vs AG+GG 294 285 3 1114 0.759-1.635 0.581 F 0.21 0.899 0.0%
LN Overall Avs G 898 2038 5 1.776 1.290-2.444 <0.001 F 6.25 0.181 36.0%
Caucasian Avs G 706 1920 4 1.873 1.341-2.616 <0.001 F 5.37 0.147 44.2%

Abbreviations: LN: lupus nephritis; *: adjusted using the trim and fill method; OR, odds ratio; Cl, confidence interval; R, random-effects model; F, fixed-effects model.

auto-reactive lymphocytes. Therefore, numer-
ous of research focusing on identifying asso-
ciations in different ethnicities will be needed
to clarify the association of PDCD1 SNPs with
susceptibility to SLE and LN to receive a stable
conclusion.

Meta-analysis is a kind of large collection of
analysis results from individual studies for the
purpose of integrating all the findings to make
up for the deficiency of small sample size of
each study to increase the statistical power.
Thus, a pooled analysis with a large sample
size, subgroup analysis and heterogeneity
explored was required to be performed to bet-

20579

ter understand the association of PDCD1 SNPs
to susceptibility to SLE and LN. However, sev-
eral limitations in the meta-analysis needs to
be addressed. First, publication bias was pre-
sented in the meta-analyses of PD1.3A/G with
SLE in overall populations. Numerous of stud-
ies are required to confirm the association
between PD1.3A/G SNPs and SLE. Second, the
numbers of both participants and studies re-
cruited in the ethnicity-specific analysis were
small. And only five studies examining associa-
tion of the PD1.3A/G polymorphism with LN,
four studies for the association of the PD1.1A/G
polymorphism with SLE. The present studies
may not have enough evidence to explain the
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association between PDCD1 SNPs and SLE and
LN in individual ethnic group. Despite the above
limitations, our meta-analysis featured several
advantages. First, a large number of controls
and cases were pooled from each study, which
significantly increased the statistical power
compared with individual studies. Second,
there are studies suggested that in inducing tol-
erated lupus-like BWF1 mice, administration
with anti-PD-1 Ab could reduce disease mani-
festations and proteinuria [38]. Our meta-anal-
ysis might provide further evidencethatanti-
PDCD1 mAb-based therapy may be effective to
halt the progress of SLE and LN.

In conclusion, even though significant associa-
tion between the PD1.3A/G polymorphism and
SLE in overall populations was not found, this
meta-analysis demonstrates that the PD1.3A
allele may confer SLE susceptibility in Latin
population and also confer LN susceptibility
both in overall and Caucasian populations and
our study highlights the importance of having
large multiple cohorts when studying a complex
disease.

Acknowledgements

This work was supported by grants from the
Natural Science Foundation of Anhui Province
(1508085MH148) and the National Natural
Science Foundation of China (81573222). Refi-
nement and implementation of the study were
supported by The Second Affiliated Hospital of
Anhui Medical University.

Disclosure of conflict of interest
None.

Address correspondence to: De-Guang Wang, De-
partment of Nephrology, The Second Affiliated Hos-
pital of Anhui Medical University, 678 Furong Road,
Hefei 230601, Anhui, China. Tel: 13865808366;
E-mail: wangdeguang@ahmu.edu.cn

References

[1] Marrack P, Kappler J and Kotzin BL. Auto-
immune disease: why and where it occurs. Nat
Med 2001; 7: 899-905.

[2] Invernizzi P and Gershwin ME. The genetics of
human autoimmune disease. J Autoimmun
2009; 33: 290-299.

[3] Lindqvist AK, Steinsson K, Johanneson B,
Kristjansdottir H, Arnasson A, Grondal G,

20580

(4]

(5]

(10]

(11]

[12]

(13]

Jonasson |, Magnusson V, Sturfelt G, Trued-
sson L, Svenungsson E, Lundberg |, Terwilliger
JD, Gyllensten UB and Alarcon-Riquelme ME.
A susceptibility locus for human systemic lu-
pus erythematosus (hSLE1) on chromosome
2q. J Autoimmun 2000; 14: 169-178.
Nishimura H, Nose M, Hiai H, Minato N and
Honjo T. Development of lupus-like autoim-
mune diseases by disruption of the PD-1 gene
encoding an ITIM motif-carrying immunorecep-
tor. Immunity 1999; 11: 141-151.

Carreno BM and Collins M. The B7 family of
ligands and its receptors: new pathways for
costimulation and inhibition of immune re-
sponses. Annu Rev Immunol 2002; 20: 29-53.
Dai S, Jia R, Zhang X, Fang Q and Huang L. The
PD-1/PD-Ls pathway and autoimmune diseas-
es. Cell Immunol 2014; 290: 72-79.

Ceeraz S, Nowak EC and Noelle RJ. B7 family
checkpoint regulators in immune regulation
and disease. Trends Immunol 2013; 34: 556-
563.

Reddy MV, Johansson M, Sturfelt G, Jonsen
A, Gunnarsson |, Svenungsson E, Rantapaa-
Dahlgvist S and Alarcon-Riquelme ME. The
R620W C/T polymorphism of the gene PTPN22
is associated with SLE independently of the
association of PDCD1. Genes Immun 2005; 6:
658-662.

Prokunina L, Gunnarsson |, Sturfelt G, True-
dsson L, Seligman VA, Olson JL, Seldin MF,
Criswell LA and Alarcon-Riquelme ME. The
systemic lupus erythematosus-associated PD-
CD1 polymorphism PD1.3A in lupus nephritis.
Arthritis Rheum 2004; 50: 327-328.
Johansson M, Arlestig L, Moller B and Ran-
tapaa-Dahlqvist S. Association of a PDCD1
polymorphism with renal manifestations in
systemic lupus erythematosus. Arthritis Rh-
eum 2005; 52: 1665-1669.

J de AS, C A, P SG, S C. Systemic Lupus
Erythematosus: Old and New Susceptibility
Genes versus Clinical Manifestations. Curr
Genomics 2014; 15: 52-65.

Thorburn CM, Prokunina-Olsson L, Sterba KA,
Lum RF, Seldin MF, Alarcon-Riquelme ME and
Criswell LA. Association of PDCD1 genetic vari-
ation with risk and clinical manifestations of
systemic lupus erythematosus in a multiethnic
cohort. Genes Immun 2007; 8: 279-287.
Prokunina L, Castillejo-Lopez C, Oberg F,
Gunnarsson |, Berg L, Magnusson V, Brookes
AJ, Tentler D, Kristjansdottir H, Grondal G,
Bolstad Al, Svenungsson E, Lundberg |, Sturfelt
G, Jonssen A, Truedsson L, Lima G, Alcocer-
Varela J, Jonsson R, Gyllensten UB, Harley JB,
Alarcon-Segovia D, Steinsson K and Alarcon-
Riquelme ME. A regulatory polymorphism in
PDCD1 is associated with susceptibility to sys-

Int J Clin Exp Med 2016;9(11):20571-20582


mailto:wangdeguang@ahmu.edu.cn

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Association of PDCD1 polymorphisms with SLE and lupus nephritis

temic lupus erythematosus in humans. Nat
Genet 2002; 32: 666-669.

Sanghera DK, Manzi S, Bontempo F, Nestle-
rode C and Kamboh MI. Role of an intronic
polymorphism in the PDCD1 gene with the risk
of sporadic systemic lupus erythematosus
and the occurrence of antiphospholipid anti-
bodies. Hum Genet 2004; 115: 393-398.
Ferreiros-Vidal |, Gomez-Reino JJ, Barros F,
Carracedo A, Carreira P, Gonzalez-Escribano F,
Liz M, Martin J, Ordi J, Vicario JL and Gonzalez
A. Association of PDCD1 with susceptibility to
systemic lupus erythematosus: Evidence of
population-specific effects. Arthritis Rheum
2004; 50: 2590-2597.

Tan EM, Cohen AS, Fries JF, Masi AT, McShane
DJ, Rothfield NF, Schaller JG, Talal N and
Winchester RJ. The 1982 revised criteria for
the classification of systemic lupus erythema-
tosus. Arthritis Rheum 1982; 25: 1271-1277.
Hochberg MC. Updating the American College
of Rheumatology revised criteria for the cla-
ssification of systemic lupus erythematosus.
Arthritis Rheum 1997; 40: 1725.

Nielsen C, Laustrup H, Voss A, Junker P, Husby
S and Lillevang ST. A putative regulatory poly-
morphism in PD-1 is associated with nephrop-
athy in a population-based cohort of systemic
lupus erythematosus patients. Lupus 2004;
13: 510-516.

Mahmoudi M, Rezaiemanesh A, Salmaninejad
A, Harsini S, Poursani S, Bahrami T, Tahghighi
F, Ziaee V and Rezaei N. PDCD1 single nucleo-
tide genes polymorphisms confer susceptibili-
ty to juvenile-onset systemic lupus erythemato-
sus. Autoimmunity 2015; 48: 488-93.

Higgins JP and Thompson SG. Quantifying het-
erogeneity in a meta-analysis. Stat Med 2002;
21: 1539-1558.

Duval S and Tweedie R. Trim and fill: A simple
funnel-plot-based method of testing and ad-
justing for publication bias in meta-analysis.
Biometrics 2000; 56: 455-463.

Canto LM, Farias TD, Medeiros MD, Cunha PA,
Souza RR, Coelho CC, Ribeiro ER, Oliveira ML,
Sereia AF, Back LC, Zimermann A, Pereira IA
and Souza IR. Association of the PD1.3A allele
of the PDCD1 gene in patients with rheuma-
toid arthritis and systemic lupus erythemato-
sus in Santa Catarina (Brazil). J Clin Rheumatol
2010; 16: S2.

Chua KH, Lian LH, Sim XJ, Cheah TE and Lau
TP. Association between PDCD1 gene polymor-
phisms and risk of systemic lupus erythemato-
sus in three main ethnic groups of the
Malaysian population. Int J Mol Sci 2015; 16:
9794-9803.

Bertsias GK, Nakou M, Choulaki C, Raptopou-
lou A, Papadimitraki E, Goulielmos G, Kritikos

20581

[25]

[26]

(27]

(28]

[29]

[30]

H, Sidiropoulos P, Tzardi M, Kardassis D,
Mamalaki C and Boumpas DT. Genetic, immu-
nologic, and immunohistochemical analysis of
the programmed death 1/programmed death
ligand 1 pathway in human systemic lupus ery-
thematosus. Arthritis Rheum 2009; 60: 207-
218.

Ferreiros-Vidal |, D’Alfonso S, Papasteriades C,
Skopouli FN, Marchini M, Scorza R, Migliaresi
S, Sebastiani GD, Endreffy E, Mavromati M,
Kappou-Rigatou |, Ruzickova S, Dostal C, Sch-
midt RE, Witte T, Gomez-Reino JJ and Gonzalez
A. Bias in association studies of systemic lu-
pus erythematosus susceptibility due to geo-
graphical variation in the frequency of a pro-
grammed cell death 1 polymorphism across
Europe. Genes Immun 2007; 8: 138-146.
Hughes T, Adler A, Kelly JA, Kaufman KM,
Williams AH, Langefeld CD, Brown EE, Alarcon
GS, Kimberly RP, Edberg JC, Ramsey-Goldman
R, Petri M, Boackle SA, Stevens AM, Reveille
JD, Sanchez E, Martin J, Niewold TB, Vila LM,
Scofield RH, Gilkeson GS, Gaffney PM, Criswell
LA, Moser KL, Merrill JT, Jacob CO, Tsao BP,
James JA, Vyse TJ, Alarcon-Riquelme ME,
Harley JB, Richardson BC and Sawalha AH.
Evidence for gene-gene epistatic interactions
among susceptibility loci for systemic lupus
erythematosus. Arthritis Rheum 2012; 64:
485-492.

Jiao Q, Liu C, Yang Z, Ding Q, Wang M, Li M,
Zhu T, Qian H, Li W, Tu N, Fang F, Ye L, Zhao Z
and Qian Q. Upregulated PD-1 Expression Is
Associated with the Development of Systemic
Lupus Erythematosus, but Not the PD-1.1
Allele of the PDCD1 Gene. Int J Genomics
2014; 2014: 950903.

Kristjansdottir H, Steinsson K, Gunnarsson |,
Grondal G, Erlendsson K and Alarcon-Riquelme
ME. Lower expression levels of the pro-
grammed death 1 receptor on CD4+CD25+ T
cells and correlation with the PD-1.3A geno-
type in patients with systemic lupus erythema-
tosus. Arthritis Rheum 2010; 62: 1702-1711.
Lin SC, Yen JH, Tsai JJ, Tsai WC, Ou TT, Liu HW
and Chen CJ. Association of a programmed
death 1 gene polymorphism with the develop-
ment of rheumatoid arthritis, but not systemic
lupus erythematosus. Arthritis Rheum 2004;
50: 770-775.

Sanchez E, Comeau ME, Freedman BI, Kelly
JA, Kaufman KM, Langefeld CD, Brown EE,
Alarcon GS, Kimberly RP, Edberg JC, Ramsey-
Goldman R, Petri M, Reveille JD, Vila LM,
Merrill JT, Tsao BP, Kamen DL, Gilkeson GS,
James JA, Vyse TJ, Gaffney PM, Jacob CO,
Niewold TB, Richardson BC, Harley JB, Alarcon-
Riqguelme ME and Sawalha AH. Identification
of novel genetic susceptibility loci in African

Int J Clin Exp Med 2016;9(11):20571-20582



(31]

(32]

[33]

[34]

[35]

Association of PDCD1 polymorphisms with SLE and lupus nephritis

American lupus patients in a candidate gene
association study. Arthritis Rheum 2011; 63:
3493-3501.

Velazquez-Cruz R, Orozco L, Espinosa-Rosales
F, Carreno-Manjarrez R, Solis-Vallejo E, Lopez-
Lara ND, Ruiz-Lopez IK, Rodriguez-Lozano
AL, Estrada-Gil JK, Jimenez-Sanchez G and
Baca V. Association of PDCD1 polymorphisms
with childhood-onset systemic lupus erythe-
matosus. Eur J Hum Genet 2007; 15: 336-
341.

Wang SC, Chen YJ, Ou TT, Wu CC, Tsai WC,
Liu HW and Yen JH. Programmed death-1
gene polymorphisms in patients with systemic
lupus erythematosus in Taiwan. J Clin Immunol
2006; 26: 506-511.

James ES, Harney S, Wordsworth BP, Cookson
WO, Davis SJ and Moffatt MF. PDCD1.: A tissue-
specific susceptibility locus for inherited in-
flammatory disorders. Genes Immun 2005; 6:
430-437.

Abelson AK, Johansson CM, Kozyrev SV,
Kristjansdottir H, Gunnarsson |, Svenungsson
E, Jonsen A, Lima G, Scherbarth HR, Gamron
S, Allievi A, Palatnik SA, Alvarellos A, Paira S,
Graf C, Guilleron C, Catoggio LJ, Prigione C,
Battagliotti CG, Berbotto GA, Garcia MA,
Perandones CE, Truedsson L, Steinsson K,
Sturfelt G, Pons-Estel B and Alarcon-Riquelme
ME. No evidence of association between ge-
netic variants of the PDCD1 ligands and SLE.
Genes Immun 2007; 8: 69-74.

Wang Q, Ye D, Yin J, Li X, Zhang G, Zhang Y and
Zhang X. Programmed cell death 1 genotypes
are associated with susceptibility to systemic
lupus erythematosus among Chinese. Arch
Dermatol Res 2008; 300: 91-93.

20582

(36]

(37]

(38]

(39]

[40]

Suarez-Gestal M, Ferreiros-Vidal |, Ortiz JA,
Gomez-Reino JJ and Gonzalez A. Analysis of
the functional relevance of a putative regula-
tory SNP of PDCD1, PD1.3, associated with
systemic lupus erythematosus. Genes Immun
2008; 9: 309-315.

Mostowska M, Wudarski M, Chwalinska-
Sadowska H and Jagodzinski PP. The pro-
grammed cell death 1 gene 7209 C>T poly-
morphism is associated with the risk of sys-
temic lupus erythematosus in the Polish popu-
lation. Clin Exp Rheumatol 2008; 26: 457-460.
Wong M, La Cava A and Hahn BH. Blockade of
programmed death-1 in young (New Zealand
Black x New Zealand White) F1 mice promotes
the suppressive capacity of CD4+ regulatory T
cells protecting from lupus-like disease. J
Immunol 2013; 190: 5402-5410.
Ferreiros-Vidal |, Gomez-Reino JJ, Barros F,
Carracedo A, Carreira P, Gonzalez-Escribano F,
Liz M, Martin J, Ordi J, Vicario JL and Gonzalez
A. Association of PDCD1 with susceptibility to
systemic lupus erythematosus: evidence of
population-specific effects. Arthritis Rheum
2004; 50: 2590-2597.

Johansson M, Arlestig L, Moller B and Ran-
tapaa-Dahlqvist S. Association of a PDCD1
polymorphism with renal manifestations in
systemic lupus erythematosus. Arthritis Rh-
eum 2005; 52: 1665-1669.

Wang Q, Ye D, Yin J, Li X, Zhang G, Zhang Y and
Zhang X. Programmed cell death 1 genotypes
are associated with susceptibility to systemic
lupus erythematosus among Chinese. Arch
Dermatol Res 2008; 300: 91-93.

Int J Clin Exp Med 2016;9(11):20571-20582



